ABSTRACT
INTRODUCTION
Bone is a metabolically active tissue that undergoes continuous remodeling via two counteracting processes, resorption and bone formation, which should be balanced in order to maintain bone mass and integrity 1 . Bone resorption, involving bone mineral degradation, is performed by osteoclasts 2 , while bone formation is performed by osteoblasts and osteocytes. It is widely accepted that the increased amounts of the reactive oxygen species due to oxidative stress act in several degenerative conditions involving osteoporosis 3, 4 , a degenerative disease characterized by decreased bone mineral density and leading cause of fractures in the elder 5, 6 , and osteoarthritis. Hydrogen peroxide (H2O2) is an unstable reactive oxygen species that can cause severe damage oxydizing DNA, protein and lipids 6 . A naturally occurring toxic product of peroxisome activity eliminated by catalase through peroxidation forming radicals, it is used in the prevention of local bacterial infection and clinical debridement in bone and joint surgeries 7, 8, 9 . In in vivo studies, increased levels of osteoclast activity were reported as a result of the overproduction of reactive oxygen species including hydrogen peroxide 10, 11, 12 , eventually accelerating the bone loss 13, 14 . Being membrane permeant and having a comparatively long half-life, hydrogen peroxide is known to stimulate osteoclast formation and function through resorptive sitokines 15, 16 . Bone matrix is a composite material comprising mainly of collagen and biominerals, latter formed majorly by crystalline hydroxyapatite, largely providing bone mechanical properties. Although mineral components are more effective on the strength and stiffness, brittleness observed at increased levels result in bone fragility 17 . The strongest predictor of bone mechanical strength 18, 19 is the bone mineral density (BMD) testing. A strong relation between BMD and fracture risk is identified clinically 20 . In a clinical fracture study 21, 22 , it was reported that an increase of total hip BMD was associated with vertebral and non-vertebral fracture prevention 18, 21 . Oxidative stress was proposed to be related with reduced bone mineral density (BMD), stiffness and strength 10 , and caused osteoporosis by in vitro studies 16, 22 . However, the mechanisms through which bone matrix is affected are not clearly identified. Although there are many studies related to various effects of hydrogen peroxide on bone structure 1, 15, 16, 18, 23, 24 , hydrogen peroxide induced oxidative damage on the biomechanical properties of bone have not been subjected to detailed studies to date. The aim of this study is to make contribution to understanding the effects of hydrogen peroxide on the mineral density and compressive modulus in the sheep leg bone.
MATERIALS AND METHODS
Fresh sheep leg bones were obtained from a local abattoir within a few hours after slaughter (Burdur, Turkey). After removing the surrounding soft tissue, bone was cut into small pieces (a square with sides of length 20 mm). Bone samples were placed inside 30% H2O2 (300 ml) for a week 25 , to simulate the long-term exposure under in vitro conditions rather than instant effects of the standard clinical application of 3%, and the control samples were soaked with physiological saline solution for the same period with experimental group 25 . After a week, the samples were taken for BMD and compression tests.
BMD Assessment
BMD assessment is essential as the gold standard in evaluation of fracture risk caused by reduced bone mass 6, 26 . The total body images of the samples were obtained with dual-energy X-ray absorptiometry (DEXA) scanner (GE Healthcare Lunar Prodigy) commonly used to measure BMD (grams per g/cm 2 ) using image captures of small animal scan software in the bone tissue from the regions of interest. BMD measurements of both the control and hydrogen peroxide exposed experimental groups are taken at 24th, 48th and 96th hours after the exposure. In order to minimize the observer related variations all analyses were carried out by the same technician throughout the process. Triplicates were taken to test the reproducibility of the measurement system. The coefficient of variation (cv) was 1%. Further details of the methodology can be found in a previous study 27 .
Compression Tests
With the aim of establishing the operability and technical parameters, the device was subjected to comparative test trials. For comparison, the LR5K Plus universal tensile testing machine which is employed in mechanical characterization experiments. A homemade compression holder that has a diameter of 5 cm was clamped to universal testing machine. Bone area subject to calculation of stress values were calculated from bone geometry using image analysis software Image J (NHI, USA). During the tests, 20 mm width samples prepared from bone samples were employed. The total number of test samples subjected to compression was initially 15, composed of 7 control group and 8 hydrogen peroxide exposed samples. As seen in Figure. 2, two samples from the control group and one from the treated group could not be used due to breakage during onset of the experiment. The samples were placed in the designed tester device and the resulting diagrams were obtained as shown in figure 2 for the LR5K Plus tester. The test results were drawn as diagrams in NEXYGEN Plus Data Analysis Software and MS Excel 2010. The vertical axis given in the diagrams are the stress values (MPa), while the horizontal axis shows the strain values 28 .
RESULTS
To evaluate the results, one-way analysis of variance (ANOVA) was used for statistical analysis. A p-value less than 0.05 was considered significant. For the all BMD parameters, p > 0.05 was observed between the groups. Figure 1 demonstrates BMD graph of the control and the experimental (hydrogen peroxide) groups. The BMD value for the control was 0.691, while it was 0.656 (p= 0.708) at 24th hour; these values were read as 0.682 and 0.629 (p= 0.863) at the 48th hour; and at the 96th hour as 0.646 and 0.627 (p= 0.444). BMD values of the control group were higher than that of hydrogen peroxide exposed experimental groups ( Figure 1 ). But these differences were not significant. Figure 2 shows stress-strain curves from for control and hydrogen peroxide exposed experimental groups. In compressive experiments, the maximum stress values are 16.15 MPa (C5 (Control 5)) and 10.48 MPa (HP-1 (hydrogen peroxide-1)), for control and hydrogen peroxide exposed experimental groups respectively at 0.03 strain. The lowest stress values are 7.55 MPa (C2) and 4.54 MPa (HP-5), for control and hydrogen peroxide exposed experimental groups, respectively at 0.03 strain ( Figure  2 ). It is obvious that slopes of control curves higher than slopes of hydrogen peroxide curves. It means that hydrogen peroxide exposed experimental group has less stiffness than the control group.
Compressive moduli values for the strain (0.028-0.030) are obtained from the stressstrain curves. These are 428.87 ± 25.83 and 294.94 ± 34.45 for control and hydrogen peroxide exposed experimental group, respectively. The moduli values are higher in the control as compared to the experimental (hydrogen peroxide exposed) group (Figure 3 ). These differences were significant (p=0.016<0.05). 
DISCUSSION
BMD values of the control group were higher than that of hydrogen peroxide exposed experimental groups meaning that the strength of the bone matrix is negatively affected by the oxidative damage caused by hydrogen peroxide (Figure 1 ), although the difference between two groups were insignificant. As seen in the graph, at the 48th hour an abrupt decrease is recorded in the experimental group and feeble decrease at 96th hour implicates the base level. On the other hand, an abrupt decline is recorded in the control after 48th hour meaning that the integrity in the medium is largely maintained till the 48th hour period. Age-associated reduction in bone stiffness is mainly caused by collagen alterations. The decline in the reducible collagen cross-links without an alteration in collagen density is linked with increased bone fragility in osteoporosis 17, 29, 30 . Therefore, the inherent fracture risk in the osteoporosis may be induced by the decrease in stiffness independent of bone mineral density and can be prevented improving collagen structure 17, 31, 32, 33 . Although through which mechanism hydrogen peroxide is predominantly effective on BMD is beyond scope of the present study, our BMD results indicate that as a reactive oxygen species hydrogen peroxide has degenerative effects on the stiffness of the bone. Apart from the effects on bone matrix elements, evident in our results though not statistically significant, compressive moduli tests also reveal a significant decrease in the stiffness (p<0.05) The slopes of the representative stress-strain curves in our experiments control groups showed differences with that of the hydrogen peroxide exposed experimental groups (Figure 2) . Therefore, we document that oxidative damage causes reduction in the stiffness of the bone.
Compressive moduli values for the strain (0.028-0.030) obtained from the stress-strain curves were clearly higher in the control as compared to the experimental group (Figure 3 Our results are in conformity with our previous results 25 on articular cartilage. Although the determinants of degenerative processes might be different, due to the structural differences between cartilage and bone matrices, the biomechanical effects (ie in the decreased level of stiffness) are found to be similar in both tissues.
CONCLUSION
Our results indicate that oxidative damage induced by hydrogen peroxide, a common reactive oxygen species in eukaryotic cells, causes reduction in the stiffness of the sheep leg bone. The mechanism involved and interacting should be studied in the future.
